Figure S2.
(A) Clonal analysis in the wing was used to determine how many extra cell cycles occur during the delay of exit induced by overexpression of cell cycle regulators. GFP marked clones were induced at 0h APF using the hs-Flp actin>Gal4/UAS system. Wings were fixed at 36-40h APF (when mitoses are longer evident) and stained with Hoechst to mark nuclei. Clones express the apoptosis inhibitor P35 to prevent apoptosis. Cells per clone for at least 100 clones were counted blind. An example is shown (A). Cells/clone counts are summarized in the table. Antibody staining was used to confirm that hs-Flp tub>Gal4/UAS continues to drive overexpression in clones at late pupal stages. Wings (B) and eyes (C) at 44hAPF containing E2F overexpressing clones (green) were stained with anti-E2F antibody (red). High levels of E2F were detectable in clones at these stages.
Figure S3.
Null mutant clones for rbf1, or loss of function mutant clones for ago (LacZ or GFP negative A-J, LacZ and GFP in green) were generated using mitotic recombination. Ectopic mitoses are detected by PH3 staining (red). Elav labels neurons (blue). Ectopic PH3 staining is observed in rbf1 -/-cells in the eye (A) and wing (B) between 24-28h APF. However, no PH3 staining is observed in rbf1-/-clones after 28h APF. No ectopic mitoses were observed in ago -/-cells in the eye or wing after 28h APF (D-E). FACS demonstrated that rbf1 and ago mutant cells arrest with a G1 DNA content identical to control cells in eyes at 40h APF (mutant cells in black, control in green C,F 
-/-cells (LacZ negative, J) undergo high levels of apoptosis in pupal eyes at 24hAPF as detected by staining for cleaved caspase3 (Casp3* in red, J) and are eliminated by late pupal stages. GFP labeled hpo-/-clones (and warts, data not shown) were generated using the MARCM system and eyes and wings at 24-36h APF were examined for mitoses (PH3, red) and neural differentiation (Elav, blue). Ectopic mitoses were observed in eyes at 24h APF (A), but were not seen after 26h APF (negative data not shown). In contrast, no ectopic mitoses were observed in wings at any time after exit at 24h APF (B). We confirmed this result by performing cell/clone counts in clones overexpressing Yorkie (Yki), the transcription co-factor inhibited by Hpo signaling (Huang et al., 2005) . Our counts indicated that overexpression of Yki did not delay cell cycle exit in the wing (C inset, compare to control in Supp. Fig. 2 ). Ap-Gal4/UAS, tub-Gal80 TS was used to overexpress Yki in the wing during pupal stages and wings were examined by FACS at 40h APF. Cells overexpressing Yki (green) arrest with a G1 DNA content (C). GFP labeled hpo mutant clones were generated using MARCM, and eyes were examined by FACS at 40h APF. Some hpo mutant cells (green) in the eye arrest in S or G2-phases by 40h APF (D).
Figure S5.
Clones overexpressing the indicated cell cycle regulators were generated with the hs-FLP actin>Gal4/UAS system and examined at 28h APF (A,C,) or 40h APF (B,D,E). Clones were detected by the absence of CD2 (red) and E2F activity was detected using a PCNA-GFP reporter visualized by α-GFP antibody (white). Both CycE/Cdk2 and CycD/Cdk4 activate the reporter in pupal eyes at early stages (A,C). By 40h APF (B,D) the activation is very weak, even with extensive signal enhancement by maximally increasing contrast and brightness (B',D'). In contrast, E2F strongly activates the reporter in eyes at 40h APF (E). E2F1 protein levels were examined in larval (-10h APF) and pupal wings of the indicated stages and genotypes by western blot using anti-dE2F1 antibody (Bosco et al., 2001) . E2F1 protein expression persists in pupal eyes and wings after exit (A,B). In two independent experiments the antibody detected a single prominent band, which was increased in -10h APF wings overexpressing E2F1 under Ap-Gal4/UAS control (E2F O/E). We noted that dE2F1 did not run at the predicted size of 87 kD, rather above 120 kD in a Tris-Hepes pH7.0 gradient gel (Pierce), and below 120 kD in an 8% gel with standard buffer and pH 6.8 stacking and pH 8.8 resolving layers (compare A and B). β-tubulin levels indicate protein loading.
Figure S7.
E2F reporter activity does not correlate with E2F1 protein levels in clones expressing Cyclin/Cdks. GFP labeled clones overexpressing the indicated cell cycle regulators were generated with the hs-FLP tub>Gal4/UAS, Gal80 TS system and examined at the indicated times for levels of E2F1 by anti-E2F1 antibody. Both CycE/Cdk2 and CycD/Cdk4 reduce the levels of E2F1 protein at early exit stages in wings and eyes (eye data not shown, A,D) consistent with several reports of decreased E2F1 levels in response to Cdk activity or when cells are in S-phase (Asano et al., 1996; Heriche et al., 2003; Reis and Edgar, 2004; Shibutani et al., 2007) . Despite the low E2F1 levels at 28h APF, reporter activity is high at this time in clones with CycD/Cdk4 activity ( Fig. 6C) . At late exit, 38-44h APF, E2F1 levels remain low in clones with high CycE/Cdk2 activity (B), as does reporter activity (Fig. 6B) . By contrast, E2F1 levels are unchanged at late exit in clones with high CycD/Cdk4 activity (E), although reporter activity is undetectable by this time (Fig. 6D ) and the cells are arrested in G2 (Fig.2) . Levels of E2F1 are variable in clones expressing CycE/Cdk2 or CycD/Cdk2 in the late pupal eye (C,F), with some cells expressing high levels of E2F1 (arrows). Despite the high E2F1 levels, at this stage reporter activity is barely detectable in clones expressing CycE/Cdk2 and CycD/Cdk4 (Supp. Fig. 5 B,D) .
Figure S8.
GFP labeled clones overexpressing E2F during pupal stages were examined for CycE levels. Overexpression of E2F increases CycE at 40h APF in wing (A), when extra mitoses are no longer occurring. E2F expressing cells in the wing showed varying levels of CycE staining, indicating that CycE levels may oscillate even though the cells do not continue into G2 and M. Alternatively the cells arrested in an aborted S-phase may have decreased CycE (A). E2F does not increase CycE/Cdk2 activity enough to generate MPM2 nuclear foci at 40-44h APF in wings (B), but CycE/Cdk2 overexpression does induce foci at 40-44h APF in wings (C).
Figure S9.
Wings with high E2F activity during pupal stages (Ap-Gal4/UAS-E2F1/DP, tub-Gal80 TS , solid lines) and controls (Ap-Gal4/UAS-GFP, tub-Gal80 TS , dotted lines) were examined at the indicated timepoints for expression of cell cycle regulators by qRT-PCR (A,B). The average ∆Ct is shown, equivalent to log 2 of the fold difference from -10h APF. Dotted black lines indicate a ∆Ct of 1, equivalent to a 2-fold difference. Error bars indicate the range of three biological replicates. Our overexpression system induces e2f1 and Dp to the levels indicated above endogenous (A,C), but does not significantly induce known negative regulators above a 2-fold threshold (B). E2F activity increases cycE and cdk2 (Fig.7) , but our Gal4/UAS system (Ap-Gal4/UAS-CycE,UAS-Cdk2, tub-Gal80 TS ) induces overexpression of cycE and cdk2 to the levels indicated above endogenous, and E2F-induced levels, as measured by qRT-PCR (C, ranges are across all timepoints measured, raw qRT-PCR data not shown). Non-overlapping clones labeled with membrane bound GFP, expressing the indicated regulators and Drosophila IAP to prevent apoptosis, were induced after cell cycle exit in wings at 28h or 36hAPF, fixed 28 or 44h (respectively) later, and cells/clone were counted. We excluded wings with more than 30 clones/wing (to reduce the possibility of independent clones close together being counted as re-entry), clones in the wing margin, hinge and notum area, and hemocytes in the veins. Complete re-entry after 36h APF is not observed in wings <18h after clone induction, but is observed >36h after clone induction. Efficiency of cell cycle re-entry when clones are induced 28h APF is greater than when induced after 36h APF. *We noted an increased frequency of >2 cell clones when P35 was used to inhibit apoptosis. ND Not determined.
Supplemental Experimental Procedures
Fly Strains Used:
y w hsflp 122 ;UAS-CycE (Neufeld et al., 1998) y w hsflp 122 ;+;UAS-CycE,UAS-Stg (Neufeld et al., 1998) y w hsflp 122 ;+;UAS-CycE,UAS-Cdk2 (Lane et al., 1996) , (Meyer et al., 2000) y w hsflp 122 ;UAS-Rheb;UAS-CycE (UAS-Rheb from Saucedo et al., 2003) y w hsflp 122 ;UAS-E2F,UAS-DP/Cyo-GFP (Neufeld et al., 1998 , UAS-DP from N.
Dyson)
y w hsflp 122 ;UAS-Rheb;UAS-E2F,UAS-DP y w hsflp 122 ;UAS-dMyc (Zaffran et al., 1998) y w hsflp 122 ;UAS-E2F,UAS-DP;UAS-dMyc y w hsflp 122 ; UAS-Dp110 ;UAS-E2F,UAS-DP (UAS-Dp110 from Leevers et al., 1996) y w hsflp 122 ;UAS-CycD,UAS-Cdk4;+ (Datar et al., 2000) y w hsflp 122 ;UAS-CycD,UAS-Cdk4;UAS-CycE,UASCdk2 y w hsflp 122 ;UAS-E2F,UAS-DP;UAS-CycE,UAS-Stg/TM6B y w hsflp 122 ;UAS-E2F,UAS-DP/CyO-GFP;UAS-CycE,UAS-Cdk2/TM6B y w hsflp 122 ;UAS-CycD,UAS-Cdk4/CyO-GFP;UAS-E2F,UAS-DP/TM6B y w hsflp 122 ;UAS-CycA;+ (Jacobs et al., 2001) y w hsflp 122 ;UAS-Yki (Huang et al., 2005) y w hsflp 122 ;UAS-∆TCF (van de Wetering et al., 1997) y w hsflp 122 ;UAS-Tkv
Q253D
,UAS-CD2 (Nellen et al., 1996) y w hsflp 122 ;UAS-N intra (Zaffran and Frasch, 2000) y w hsflp 122 ;UAS-Dad (Tsuneizumi et al., 1997) y w hsflp 122 ;UAS-Dl/CyO (Crowner et al., 2003) y w hsflp 122 ;UAS-Ras V12S35 (Karim and Rubin, 1998) y w hsflp 122 ;UAS-Ras N17 (Lee et al., 1996) w;act>CD2>gal4,UAS-GFP (Pignoni and Zipursky, 1997) w;UAS-P35;act>CD2>gal4,UAS-GFP NLS (Neufeld et al., 1998) w;tub>CD2>gal4,UAS-GFP;tub-gal80 TS (tub>CD2>Gal4 from F. Pignoni, Gal80 TS described in McGuire et al., 2003) w;tub>CD2>gal4,UAS-GFP;tub-gal80 TS ,UAS-Diap (UAS-Diap from Lohmann et al., 2002) w;ap-gal4,UAS-GFP/CyO;tub-gal80 TS (ap-gal4 described in Calleja et al., 1996) w;tub-gal80 TS ; GMR-Gal4, UAS-GFP (GMR-Gal4 described in Hay et al., 1997) w;FRT42D,dap 4 /CyO-GFP (Lane et al., 1996) w;FRT42D,dap 4 /CyO-GFP; UAS-E2F,UAS-DP/TM6B y w hsflp 122 ;FRT42D,Ubi-GFP/CyO-GFP FRT19A,w,rbf 14 /FM7 (Du and Dyson, 1999) FRT19A,w,rbf 14 /FM7;+; UAS-CycE,UAS-Cdk2 FRT19A,ywhsflp 122 , tub-gal80; tub-gal4,UAS-GFP/MKRS (Lee and Luo, 2001) FRT19A arm-lacZ; +; hsflp/TM6B (FRT19A Arm-lacZ from Firth and Baker, 2005) FRT19A Ubi-GFP; +; hsflp,Sb/TM6B (Hamaratoglu et al., 2006) w;FRT42D hpo 42-47 /CyO (Wu et al., 2003) w;FRT82B ago 1 /TM6B (Moberg et al., 2001) y w hsflp 122 ,tub-gal4,UAS-GFP;FRT42D tub-gal80 w;+; act>CD2>gal4, PCNA-GFP (PCNA-GFP from Thacker et al., 2003) w, dmnt 1 ; FRT42D,dap 4 /CyO-GFP;+ (dmnt allele from Loo et al., 2005) w;Dp a1 /CyO-GFP (Royzman et al., 1999) w;Dp a2 /Cyo-GFP (Royzman et al., 1997) Antibodies Used: Ashburner, 1989) . All incubation times were adjusted accordingly.
Western Blotting:
Western blots were performed as described (Prober and Edgar, 2000) with the following modifications. Protein was isolated from 20 pupal wings (with notum removed) by boiling for 5 min. in 40µl 1X SDS sample buffer containing β-mercaptoethanol. 20µL of sample was then used for SDS-PAGE. Guinea Pig anti-E2F1 (Bosco et al., 2001 ) was used at 1:7,000 with the appropriate HRP conjugated secondary antibody. Blots were stripped and reprobed with mouse anti-β-tubulin (1:1000, E7, DSHB) to control for protein loading.
QRT-PCR Experimental Details:
RNA was isolated from 20 pupal wings (with notum removed) by Trizol (Invitrogen) and cleaned with RNAeasy spin columns (Qiagen). Approximately 300ng of total RNA was used for cDNA synthesis in the presence of 0.4 µg oligo dT primer (Operon), 1X reaction buffer, 0.5 mM dNTPs, 0.01 mM DTT, 20U RNasin, and 200U of SSTII (Invitrogen) in a 40µl reaction for 1 h at 42°C. 2µL of cDNA was then used for PCR in the presence of
